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@) Seal.

@ Dual "U" cup seals are utilized in conjunction
with conventional seals as fluidic actuator shaft
scrapers for actuators operating in contaminated en-
vironments. The seals are installed in serial spaced
relation on the low pressure side of the conventional
seals such that they scrape contaminants off of the

shaft as well as seal against the ingress of con-
taminants to the high pressure seal area. The scrap-
er configuration may also be of benefit in piston bore
seal systems which operate in contaminated fluid
environments.
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Technical Field

The present invention relates generally fo
fluidically driven mechanical actuators and more
specifically to a scraper and seal apparatus for
preventing leakage of the high pressure fluid from
said actuators caused by contamination of the high
pressure seal.

Background Information

The transmission of power is fundamental to
the operation of a broad range of machines and is
accomplished by various means, selection being
driven for instance by cost or complexity. For ex-
ample, in some aircraft gas turbine engines, me-
chanical actuation is required of variable geometry
compressor stator systems or variable exhaust noz-
zle (VEN) systems for those equipped with aug-
mentors. Due to the desirability of minimizing
weight and size and maximizing reliability, a typical
power transmission arrangement entails regulating
the flow of a pressurized working fluid, such as fuel
or oil, to a mechanical actuator causing the exten-
sion or retraction of a translating shaft. The shaft in
turn is connected to a synchronization ring which
mechanically drives the variable system to the de-
sired geometry, through a plurality of cams, rollers,
and linkages. Such structure is shown, for example,
in U.S. Patent 4,245,787 issued to Freid and as-
signed to the same assignee as the present inven-
tion.

It is well known in the art that the control of
variable geometry systems in gas turbine engines
is fundamental to the proper performance of the
engine. Malfunctioning systems can result in
among other things degradation of thrust or com-
pressor stalls.

One component of the VEN system which
must operate reliably in this particularly hostile
environment is the fluidic actuator. Leakage of the
working fluid past the seal apparatus which cir-
cumscribes the ftranslating shaft, at a minimum,
requires maintenance action to maintain a sufficient
supply of fluid in the system to keep it operational.
Excessive leakage can render a properly filled sys-
tem inoperable after a short period of time and
requires replacement of the actuator. A representa-
tive seal apparatus is shown in U.S. Patent
3,630,531 issued to Bondi and assigned to the
same assignee as the present invention. The seal
is comprised of a resilient member with a recum-
bent "U" shaped cross section. The radially outer
lip of the "U" is biased radially outwardly to form a
static seal with the actuator housing bore and the
radially inner lip is biased radially inwardly to form
a dynamic seal with the translating shaft. The effec-
tiveness of the seal depends among other things
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on the dimensional size and tolerance of the shaft
and housing bore.

A typical VEN, such as that described in the
aforementioned Freid patent, is comprised of a
plurality of interleaved flap and seal members
which cooperate to form a sealed nozzle for all
actuator positions. During engine operation, the
flaps and seals rub against each other both when
the geometry of the nozzle is being changed, as
well as when the geometry is fixed, due to aero-
dynamic buffeting. Due to the relatively high am-
bient temperature in the VEN cavity, the translat-
able shaft becomes coated with a sticky, viscous
working fluid residue. As the cooperating flaps and
seals wear, the resultant fine (abrasive metallic
particles) is deposited on the sticky, extended sur-
face of the actuator's shaft. When the shaft is
retracted, the particles are drawn into the seal
apparatus where it becomes trapped between the
shaft and the resilient member. As the actuator
cycles, the contamination becomes more severe
and the shaft becomes scored along its working
length affecting the ability of the resilient member
fo deform in sealing relationship with the shaft. At
intermediate actuator positions, which correspond
for example to flight idle or intermediate rated
power, where the engine is operated for significant
periods of time, localized scoring of the shaft is
accelerated. This is because of dithering of the
actuator by the control system which is attempting
to maintain a fixed VEN geometry against the aero-
dynamic buffeting forces. What results is a pro-
gressive necking of the shaft and therefore increas-
ing leakage at those actuator shaft locations as the
clearance between the shaft and resilient member
increases beyond the ability of the resilient mem-
ber to deform in sealing relationship with the shaft.

As is well known in the art, a scraper is often
incorporated to remove debris from actuator shafts
which operate in dirty environments. It is either
formed as part of the resilient member itself or as a
separate element disposed between the resilient
member and the source of contamination. If a sep-
arate element is used, the scraper tends to be of
greater hardness than the resilient member and in
some cases is metallic; however, the scraper itself
must not score the shaft. Contaminants scraped off
the shaft eventually collect on the face of the
scraper and are forced radially outwardly. As the
amount of contamination increases, the particulates
are forced around the outer diameter of the scraper
and once again build up against the resilient mem-
ber. While delaying the onset of leakage by reduc-
ing the rate of passage of contaminants, the scrap-
er additionally is subject to wear. Eventually, con-
tamination of the resilient member and scoring of
the shaft cause the seal apparatus to fail.
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Object of the Invention

Accordingly, the object of the present invention
is to provide a fluidic actuator which exhibits ex-
tended life in contaminated operating environments
by providing a dynamic scraper element proximate
the translating shaft and a static sealing element
proximate the high pressure seal retainer thereby
precluding the passage of contaminants into the
high pressure seal area.

Summary of the Invention

The seal apparatus for a fluidic actuator is
comprised in part of a seal assembly configured
such that the loading of the pressurized fluid de-
forms the assembly into dynamic sealing relation-
ship with a franslating shaft. Additionally, two
sharp-lipped scrapers, which circumscribe the
shaft, are mounted in serial, spaced relationship.
Each scraper has two lips which are individually
biased against the shaft and the high pressure seal
retainer for removing contaminants affixed to the
translating shaft during retraction, as well as pre-
venting particulate ingress into the seal assembly
by sealing at its outer diameter. The spacing be-
tween the scrapers forms an annular channel or
retention zone in which any contaminants which
bypass the outermost scraper are captured thereby
significantly extending the useful life of the ac-
tuator.

Brief Description of Drawings

The novel features believed characteristic of
the invention are set forth and differentiated in the
claims. The invention, in accordance with preferred
and exemplary embodiments, together with further
objects and advantages thereof, is more particu-
larly described in the following detailed description
taken in conjunction with the accompanying draw-
ings in which:

Figure 1 is a schematic, longitudinal sectional
view of a fluidic actuator having a franslatable
shaft in accordance with one embodiment of the
present invention.

Figure 2 is a schematic, enlarged, partial, lon-
gitudinal sectional view of the shaft seal appara-
tus of the actuator illustrated in Figure 1.

Figure 3 is a schematic, enlarged, partial, lon-
gitudinal sectional view of the piston seal ap-
paratus of the actuator illustrated in Figure 1 in
accordance with an alternate embodiment of the
present invention.

Mode(s) for Carrying Out the Invention

Figure 1 shows an actuator 10 which is com-
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prised of a housing 12 having a cylindrical bore 14
and a piston 16 slidably disposed in said bore 14.
The actuator 10 is further comprised of an end wall
18 and a seal retainer 20 each fastened at respec-
tive longitudinal ends of the housing 12. A translat-
able shaft 22 is connected to piston 16 and ex-
tends through retainer 20 and seal assembly 24,
which prevents leakage of pressurized fluid from
within actuator housing 12 around shaft 22. Dis-
posed radially inwardly of the retainer 20 and cir-
cumscribing the shaft 22 are a primary scraper 26
and a secondary scraper 28. The shaft extension
volume 30 bounded by bore 14, piston 16, and end
wall 18 communicates with a pressurized fluid sup-
ply (not shown) via fluid port 32. A second fluid
port 34 also in communication with a pressurized
fluid supply (not shown) communicates with shaft
retraction volume 36 bounded by bore 14, piston
16 and seal assembly 24. As can be readily under-
stood, pressurization of extension volume 30 will
cause the shaft 22 to extend from the actuator
housing 12 or to the right as shown in Figure 1. In
similar fashion, pressurization of retraction volume
36 will cause the shaft 22 fo retract into the ac-
tuator housing 12 or to the left as shown in Figure
1. By balancing the forces in extension and retrac-
tion volumes 30 and 36 respectively, shaft 22, can
be held in any fixed, longitudinal position within the
stroke of the actuator 10.

Figure 2 illustrates the subject of the invention
in more detail. The seal assembly 24 is of a
standard construction as known to those skilled in
the art. Briefly, and in simplified form, the assem-
bly 24 is comprised of an end gland 38, a static
seal 40 and a dynamic seal 42. The static and
dynamic seals 40 and 42 are respectively retained
in outer and inner annular grooves 44 and 46 in the
end gland 38. The gland 38 is received in the
housing 12 and restrained from movement in the
longitudinal and radial directions by annular wall
48, bore wall 50 and retainer end wall 52. A gland
bore 54 slidably receives shaft 22. During proper
operation, the seal assembly 24 prevents leakage
of pressurized working fluid from retraction volume
36 to any area external to the actuator housing 12,
generally shown at 56.

Further in Figure 2 is illustrated the retainer 20
threadedly attached to housing 12 at an area gen-
erally shown at 58, although a variety of alternate
releasable attachment means are suitable. Retainer
20 has a first cylindrical bore 60 and a second
concentric cylindrical bore 62 of a larger diameter
than the first bore 60. Second bore 62 extends
from retainer end wall 52 to the bore transition
zone, shown generally at 68, and has a narrow
annular slot 64 disposed approximately halfway
along its length. That is to say that slot 64 is
longitudinally equidistant from wall 52 and the tran-
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sition zone 68 to the first bore 60. A split retaining
ring 66 is removably located in slot 64, which has a
larger diameter than that of bore 62. The free state
outer diameter of ring 66 is greater than the diam-
eter of bore 62 such that ring 66 must be radially
compressed prior to insertion into slot 64. Elastic
springback of ring 66 ensures its retention in slot
64.

A first annular region 70 is bounded by bore
fransition zone 68, second bore 62, ring 66 and
shaft 22, and in which is retained primary scraper
26. A second annular region 72 is bounded by ring
66, second bore 62, end gland 38 and shaft 22 and
in which is retained secondary scraper 28. By way
of example, the features and function of primary
scraper 26 will be presented which are also repre-
sentative of secondary scraper 28. Scraper 26 is
essentially a "U" cup seal from a class of seals
known as pusher seals and are well known to those
skilled in the seal art. Their use here however as
combined dynamic scrapers and static seals is
quite unconventional and has proven very success-
ful.

The primary scraper 26 is comprised of two
sharp edged cylindrical inner and outer lips shown
at 74 and 76, respectively, connected by an an-
nular backing ring 78, the cross section of the
scraper resembling a recumbent "U". The scraper
26 is of unitary construction, typically being a mol-
ded polymer such as polytetrafluoroethylene. In its
free state, the inner and outer lips 74 and 76 are
slightly splayed radially inwardly and outwardly re-
spectively so that upon installation in a properly
sized annular zone, there is a predetermined pres-
sure loading on the contact surfaces of said zone.
Along the interior surface 80 of the inner and outer
lips 74 and 76 and the backing ring 78 is disposed
an elastically deformed metallic insert (not shown)
which further biases the inner and outer lips 74 and
76 into scraping relationship with shaft 22 and
sealing relationship with bore 62 respectively.
When conventionally used as a seal, the opening of
the "U" is always exposed to the pressurized fluid
which is being sealed. The reaction of the pressure
force on the inner and outer lips 74 and 76 aug-
ments the spreading force provided by the metallic
insert, improving the sealing relationship. By re-
versing the direction of the "U", it has been discov-
ered that not only does the inner lip 74 adequately
remove contaminants affixed to shaft 22 during
retraction of shaft 22 into the housing 12, but also
that outer lip 76 prevents passage of contaminants
which fill the interior surface 80 of the scraper 26
and annular region 70 from bypassing the scraper
at its outer diameter along bore 62 into annular
region 72. This effectively eliminates the means of
contaminant ingress which afflict the prior art. The
secondary scraper 28 is disposed in annular region
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72 and performs a similar function as scraper 26,
especially as scraper 26 wears.

As with conventional sealing applications, the
materials utilized, sizes and surface finishes of
shafts and bores, and other common criteria in
specifying seal design direct the details on element
selection and use and are understood by those
skilled in the art. In component bench testing,
which replicated actual actuator leakage failures at
a highly accelerated rate, application of the inven-
tive concepts disclosed herein have demonstrated
over a ten times life improvement over the prior art.

The usefulness and application of the teach-
ings of this invention are broader than the shaft
seal apparatus configuration shown in Figures 1
and 2. For example, Figure 3 illustrates an alternate
embodiment of the invention as a bore seal appara-
tus for application in an environment where the
pressurized working fluid itself is contaminated with
abrasive particles. In Figure 3, a piston 116 of an
alternate construction to that shown schematically
in Figure 1 is shown schematically in more detail.
Slidably disposed in cylindrical bore 114 of ac-
tuator housing 112 is piston 116 having a seal
assembly 124 to prevent communication of pres-
surized working fluid between extension volume
130 and retraction volume 136. The seal assembly
124 is disposed in an annular seal slot 82 located
approximately equidistant from the longitudinal end
surfaces 116a and 116b of piston 116 which bound
volumes 130 and 136, respectively. Seal assembly
124 is comprised of one or more elements well
known to those skilled in the art, for example, "O"
rings or "T" seals.

As the configuration of the piston 116 is sym-
metrical about a radial plane which passes through
the longitudinal center of piston 116, for simplicity
the following description will address solely the
elements of the invention between piston end sur-
face 116a and the radial plane of symmetry.

The outer diameter 116¢ of piston 116 proxi-
mate end wall 116a is less than the inner diameter
of cylindrical bore 114. This spaced relationship is
required for assembly of the following elements to
piston 116. Progressing in the longitudinal direction
at the outer diameter 116¢ of piston 116 starting at
and spaced from end surface 116a is a first annular
slot 164, wherein is disposed a first split retaining
ring 166. Following is a first annular region shown
generally at arrow 170, in which is disposed a
primary scraper 126. Next is a second annular slot
264, wherein is disposed a second split retaining
ring 266. Following is a second annular region
shown generally at arrow 270, in which is disposed
a secondary scraper 128. Scrapers 126 and 128
are similar in configuration and function to scrapers
26 and 28 described hereinbefore. As such, the
opening of the recumbent "U" shaped cross sec-
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tion points away from seal assembly 124. Following
secondary scraper 128 is a piston diameter transi-
tion zone, shown generally at arrow 168 at which
location the maximum piston outer diameter 116d
is initiated. The aforementioned seal slot 82 and
seal assembly 124 are located in this maximum
diameter 116d. The size of the elements shown in
Figure 3 are schematic and presented for clarity of
illustration. The actual relative sizes would be de-
termined with conventional techniques for the spe-
cific application by those skilled in the art.

Alternatively, a simplified embodiment of the
invention as disclosed in Figure 3, would eliminate
seal slot 82 and seal assembly 124 from the piston
116, while maintaining longitudinal symmetry of the
remaining elements. The use of two pairs of op-
posed scrapers as depicted without seal assembly
124 provides sufficient scraping and sealing for
certain applications. In operation, when retraction
volume 136 is pressurized, scrapers 126 and 128
scrape bore 114 as piston 116 translates to the left
as shown in Figure 3, while their symmetrically
opposed "U" cup seal counterparts function con-
ventionally as seals. Similarly, when extension vol-
ume 130 is pressurized, scrapers 126 and 128
function as seals and their counterparts as scrap-
ers. An additional embodiment of the invention is
structurally similar to that in Figure 1; however,
instead of being utilized in an actuator with a frans-
latable shaft, it can be installed in actuators with
either rotating or rotationally reciprocating shafts.

While there have been described herein what
are considered to be preferred embodiments of the
present invention, other modifications of the inven-
tion will be apparent to those skilled in the art from
the teachings herein, and it is therefore desired to
be secured in the appended claims all such modi-
fications as fall within the true spirit and scope of
the invention.

Claims

1. An apparatus for sealing between a high pres-
sure zone and a lower pressure zone, compris-
ing:

a first member and a second member
moveable relative to each other;

a seal means disposed between said first
member and said second member for prevent-
ing fluid flow from said high pressure zone to
said lower pressure zone;

a first scraper means; and

a second scraper means aligned with and
spaced from said first scraper means for pro-
viding a contaminant retention zone there-
between.

2. The invention according to claim 1 wherein:
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the first member comprises a wall;

the second member comprises an elon-
gated member extending through an aperture
in said wall generally along a longitudinal axis
of said elongated member;

said seal means, said first scraper means
and said second scraper means are affixed to
said wall; and

said seal means, said first scraper means
and said second scraper means are disposed
in axial alignment around the longitudinal axis
of said elongated member.

The invention according to claim 2 wherein
said wall comprises:

a cylindrical retainer releaseably attached
to a cylindrical housing, said high pressure
zone being bounded by said housing; and

further comprising, a piston fixedly at-
tached to said second member and slidably
disposed in close fitting relation with said
housing to divide said high pressure zone into
an extension volume and a refraction volume.

The invention according to claim 3 wherein
said second member is a shaft of generally
circular cross section.

The invention according to claim 4 wherein
said first and second scraper means are first
and second "U" cup seals which are disposed
in a bore in said cylindrical retainer such that
the openings of said first and second "U" cup
seals are directed at said lower pressure zone.

The invention according to claim 5 wherein:
radially inner surfaces of said first and second
"U" cup seals are biased into sealing relation-
ship with said shaft for removing contaminants
from said shaft during translation of said shaft
relative to said "U" cup seals into said hous-
ing; and

radially outer surfaces of said first and
second "U" cup seals are biased into sealing
relationship with said retainer to prevent the
passage of contaminants from said lower pres-
sure zone 1o said seal means.

The invention according to claim 6 further
comprising:

a removable retaining ring disposed in an
annular slot in said retainer and radially ex-
tending into said bore, said annular slot dis-
posed longitudinally between said first and
second "U" cup seals, for preventing contact
of said first and second "U" cup seals during
translation of said shaft, thereby ensuring the
maintenance of said retention zone.
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The invention according fo claim 1 wherein:
said first member is a cylindrical housing;
said second member is a piston slidably

disposed in said housing and radially spaced

from said housing over at least a first portion
thereof;

the seal means, first scraper means and
second scraper means are affixed to said pis-
ton; and

said first and second scraper means are
disposed in said first radially spaced portion of
said piston.

The invention according fo claim 8 wherein:

said high pressure zone is disposed on a
first longitudinal side of said piston;

said lower pressure zone is disposed on a
second longitudinal side of said piston; and

said first and second scraper means are
first and second "U" cup seals which circum-
scribe said piston and are disposed such that
the openings of said first and second "U" cup
seals are directed at said lower pressure zone.

The invention according fo claim 9 wherein:

radially outer surfaces of said first and
second "U" cup seals are biased into sealing
relationship with said cylindrical housing for
removing contaminants from said cylindrical
housing during translation of said piston toward
said lower pressure zone; and

radially inner surfaces of said first and
second "U" cup seals are biased into sealing
relationship with said piston to prevent the
passage of contaminants from said lower pres-
sure zone 1o said seal means.

The invention according to claim 10 further
comprising:

a first removable retaining ring disposed in
a first annular slot in said first radially spaced
portion of said piston and radially extending
into said first radially spaced portion, said first
annular slot disposed longitudinally between
said first and second "U" cup seals, for pre-
venting contact of said first and second "U"
cup seals during translation of said piston,
thereby ensuring the maintenance of said re-
tention zone; and

a second removable retaining ring dispos-
ed in a second annular slot in said first radially
spaced portion of said piston and radially ex-
tending into said first radially spaced portion,
said second annular slot disposed longitudi-
nally between said first "U" cup seal and said
second longitudinal side of said piston.

The invention according to claim 11 further
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13.

14.

15.

16.

17.
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comprising:

third and fourth "U" cup seals circumscrib-
ing said piston along a second portion of said
piston radially spaced from said housing and
disposed such that the openings of said third
and fourth "U" cup seals are directed gen-
erally longitudinally opposite the openings of
said first and second "U" cup seals, said
fourth "U" cup seal being aligned with and
spaced from said third "U" cup seal for provid-
ing a second contaminant retention zone there-
between.

The invention according fo claim 12 wherein:

radially outer surfaces of said third and
fourth "U" cup seals are biased into sealing
relationship with said cylindrical housing; and

radially inner surfaces of said third and
fourth "U" cup seals are biased into sealing
relationship with said piston to prevent the
passage of contaminants past said third and
fourth "U" cup seals.

The invention according to claim 13 further
comprising:

a third removable retfaining ring disposed
in a third annular slot in said second radially
spaced portion of said piston and radially ex-
tending into said second radially spaced por-
tion, said third annular slot disposed longitudi-
nally between said third and fourth "U" cup
seals, for preventing contact of said third and
fourth "U" cup seals during translation of said
piston, thereby ensuring the maintenance of
said second retention zone; and

a fourth removable retaining ring disposed
in a fourth annular slot in said second radially
spaced portion of said piston and radially ex-
tending into said second radially spaced por-
tion, said fourth annular slot disposed longitudi-
nally between said fourth "U" cup seal and
said first longitudinal side of said piston.

The invention according to claim 14 wherein
said third and fourth "U" cup seals; said third
and fourth annular slots; said third and fourth
removable retaining rings; and said second
portion of said piston radially spaced from said
housing are configured such that said piston is
symmetrical about a radial plane which passes
through the longitudinal center of said piston.

The invention according to claim 15 wherein
the seal means comprises said third and fourth
"U" cup seals.

The invention according to claim 15 wherein
the seal means comprises a "T" seal and said
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